Gholinezhad E., R. Darvishzadeh and I. Bernousi (2015): Evaluation of sunflower grain yield components under different levels of soil water stress in Azerbaijan Genetika, Vol 47, No. 2,[581][582][583][584][585][586][587][588][589][590][591][592][593][594][595][596][597][598] In order to study yield and yield components of sunflower landraces under water deficit conditions, an experiment was conducted in the experimental field of Agricultural Research Center, West-Azerbaijan in 2012-2013 cropping seasons. The selected genotypes were evaluated in a rectangular 7 × 8 lattice design with two replications. They were treated by three irrigation scenarios including optimum irrigation, moderate stress and severe stress where irrigation was done after depletion of 50%, 70% and 90% of available water, respectively. A number of 56 confectionary sunflower landraces were investigated in this experiment. The results of combined analyzes showed that the single and combined effect of water treatments and genotypes on the majority of traits under study were significant. With increasing the severity of drought stress, grain yield, kernel to grain ratio, number of seeds per head, head diameter, 1000-seed's weight, biological yield and harvest index decreased while the hollowness percentage increased. Among the studied landraces, the highest grain yield was obtained from 'Angane 4' in optimum irrigation condition whereas in moderate and severe stress, 'Garagoz 1' and 'SalmasSadaghian' produced higher grain yield than the other landraces, respectively. At each level of irrigation, genotypes had different responses so that the suitable genotypes could be chosen for different conditions.
INTRODUCTION
Sunflower (Helianthus annuus L.) is one of the most important oil seed crops in the world due to its high content of unsaturated fatty acids and a lack of cholesterol (ONEMLI and GUCER, 2010) . Both oily and confectionary sunflowers belong to Asteraceae (PUT, 1978) . Due to the specific structures of its main organs (root, leaves, stem, head), sunflower can be successfully grown on marginal soils and in semi-arid conditions while being more resistant to abiotic stresses than other field crops (KIANI et al., 2007; SKORIC, 2009 ). Drought stress is one of the most important and widespread environmental stresses which limits the growth of agricultural products and decreases the production efficiency in semi-arid and rain-fed regions. Growing the droughttolerant genotypes will contribute to more stable sunflower production. Furthermore, the screening of the response of sunflower cultivars or breeding lines to drought stress can play a crucial role in breeding programs (ONEMLI and GUCER, 2010) . It is believed that in order to increase the efficiency of breeding adaptive cultivars, the traits which are effective in increasing grain yield under water deficit conditions should be identified and used as selection criteria along with the grain yield (FARAHVASH et al., 2011) . Water deficit reduces crop yield regardless of the growth stage at which it occurs in field crops including sunflower (HUSSAIN, 2010) . TABATABAEI et al. (2012) showed that drought stress significantly affects seed yield, yield components and qualitative traits in sunflower. SOLEIMANZADEH et al., (2010) reported that head diameter, number of seeds per head, 1000-grain weight, biological and seed yield as well as harvest index of sunflower declines under drought stress. It has also been reported that harvest index decreases with increasing water stress (SORIANO et al., 2004) . According to MEHRPOUYAN et al., (2010) the lowest amount of all yield components was obtained by irrigation stop at 6-8-leaf stage. JABARI et al., (2007) demonstrated that with drought stress, seed yield decreases about 83 percent due to a reduction in 1000-seed weight and number of seeds per head. According to ALAHDADI et al., (2011) water stress decreased seed yield and yield components in all the studied sunflower hybrids. MIRSHEKARI et al. (2012) declared that the limited irrigation stress results in a reduction of seed yield due to limiting vegetative and reproductive development periods. The response of confectionary sunflower cultivars to water limitation has not properly been investigated. Therefore, the aim of present study was to determine the effect of drought stress on grain yield and yield components in 56 landraces of sunflower in Urmia climate condition.
MATERIALS AND METHODS
This experiment was carried out in the experimental field of Agricultural Research Center at West-Azerbaijan in 2012-2013 cropping seasons. The 56 confectionary sunflower accessions were evaluated in a rectangular 7 × 8 lattice design with two replications. Three irrigation treatments including optimum irrigation, moderate stress and severe stress were considered for which the irrigation was done after depletion of 50%, 70% and 90% of available water, respectively. The latitude and longitude of region is 37 o and 44′ north and 45 o and 2′ east its elevation is 1352 m above the sea level. Climate of the region is cold and semidry and the average rainfall and the area temperature according to 16 years statistics are 184 mm and 12 o C, respectively. Each plot comprised 4 lines with 5 m longs, with a spacing of 60 × 25 cm between lines and plants, respectively. The distance between irrigation treatments was considered 6 m. Sunflowers cultivated under conventional tillage at date of 1-5 may 2012. Soil texture was silty clay loam with the electrical conductivity (EC) of 0.8 DS m -1 , the soil acidity (pH) of 8 and the soil apparent specific weight of 1.4 g cm -1 (Table 1) . Amount of irrigation were applied identical for all treatments from planting to complete establishment of sunflower plants (eight-leaf stage (V8)). After this stage, the plots were irrigated according to their prescribe treatments below (POURTAGHI et al., 2011) . In order to measure the moisture, soil samples were taken from 2 depths of soil, 0-30 and 30-60 cm. Then, moisture weight percentage was determined by pressure plate (armfield CAT.REF: FEL13B-1 Serial Number: 6353 A 24S98). The field capacity of soil was determined to be 26 with permanent wilting point of 14. In order to obtain the exact irrigation time, soil was sampled by auger from root development depth 48 hours after each irrigation treatment and its moisture was measured. Based on the measurement, the irrigation time was determined to be at soil weight moisture of 20, 17.6 and 15.2. To implement the irrigation operation the water usage volume calculated by the following equation 1:
Where: V= irrigation water volume (m 3 ), Θm = Soil moisture content before irrigation A= irrigated area (m 2 ), FC= field capacity, ρm = soil external specific density (g/cm 3 ), Droot= root development depth (m) Therefore the required water volume in each stage of irrigation was calculated and distributed equally based on the water distribution efficiency of 90 percent by flume and chronometer. The final harvesting area was equal to 3.6 m 2 taken from two middle planting lines. Final measurements performed from these samples. The yield components including the number of grains per head and 1000-grain weight were calculated. For calculating kernel to grain ratio, 10 grams of seeds from each treatment were weighed before and after the separation of kernels. Then kernel to grain ratio was calculated by equation 2:
Where: W 1 = kernels weight. Hollowness percentage was calculated by equation 3:
Where: HP= hollowness percent, W 1 = weight of hollow grains per head, W 2 = weight of total grains per head. Harvest index calculated by equation 4:
Where: HI= harvest index, Ye= economical yield, Yb= biological yield. Biological yield was calculated by summing up the dry weight of stem, leaf, head and grains. Head diameter was calculated by ruler from 5 head and then averaged. For calculating weight of 1000 grains, 5 replications of 1000-fold from each treatment were selected and averaged. The final harvesting area was equal to 3 m 2 that was done from two middle lines of planting at date of 5-10 September of 2012. Final measurements were conducted from these samples. For moisture measurement grains were located in the oven in the temperature of 72 degrees centigrade for 48 hours. To normalize some traits such as number of seeds per head, square root conversion (SQRT) technique was used. Analysis of variance performed using PROC GLM in the SAS. The comparison of the means was done by Tukey's test at a probability level of 5 percent. 
RESULTS AND DISCUSSION

Grain yield
The results of combined analysis of variance showed that the effects of irrigation, genotype and irrigation-genotype interaction on grain yield are significant (Table 4 ). The comparison of mean values showed that increasing stress intensity from optimum irrigation to moderate and severe stress decreases grain yield by 25% and 49%, respectively ( Evaluation of simple correlation coefficients displayed a positive and meaningful correlation between 1000-grain weight, head diameter, seeds number per head and biological yield with grain yield in all irrigation conditions (Table 8, 9 and 10). These results were in agreement with SAFAVI et al. (2011) . FARAHVASH et al. (2011) showed that with increasing water stress, seed yield ha -1 , above-ground dry weight of plant, stem diameter, head diameter, number of seeds per head, 100 seeds weight, harvest index and number of photo synthetically-active leaves decrease. NEZAMI et al. (2008) concluded that grain yield under dry and semi-dry conditions declines. ELENA and PAULA (2010) also demonstrated that drought stress reduces grain yield. ESMAEILIAN et al. (2012) revealed that seed yield decreases significantly due to water stress when imposed at either of the growth stages. In general, drought stress limits physiological activities of plants, cell division, leaf areal index, stem extension and vegetative growth. This results in a reduction in seed yield (REZAEI-SUKHT ABNADANI et al., 2008) . ORAKI et al. (2012) and FARAHVASH et al. (2011) reported a large genetic variation for grain yield in well watered and water stress conditions. Means followed by similar letters in each column are not significantly different at the 5% level of probability according to Tukey's Test.
Kernel to grain
The effect of irrigation, genotype and their combined effect on kernel to grain ratio were considerable (Table 4 ). The comparison of mean values showed that with increasing stress intensity kernel to grain ratio decreases by 9% for moderate stress and 17% for severe stress (Table 5 , 6 and 7). In optimum irrigation, the highest and lowest values of kernel to grain ratio were related to genotypes: Mashhad (62.24 %) and Salmas-Garaghashlagh-Badami (33.74%), respectively (Table 5) . In moderate stress, these values were obtained from genotypes: Mashhad (58.07%) and Salmas-Garaghashlagh-Badami (31.61%), respectively (Table 6 ). Moreover, in severe stress, genotypes: Mashhad (55.21%) and Vaghaslou-Olya 4 (14.87%) produced the highest and lowest kernel to grain, respectively (Table 7 ). Higher ratios of kernel to grain in some of the genotypes can be related to their thin shell. There was negative and meaningful correlation between kernel to grain with grain 1000 weight and biological yield (Table 7, 8 and 9) . Furthermore, no significant correlation was observed between kernel to grain and other traits in severe drought stress (Table 9 ). Our findings are in agreement with HADI et al. (2012) studies.
Hollowness percentage
Factors like non-fertilization of flowers, high temperature, low relative water content, unsuitable environment, low soil humidity, lack of nutrition and insects for pollination result in grain hollowness. The results of combined analysis of variance showed that the effects of irrigation and genotype on hollowness percentage are significant at probability level of 1% (Table 4) . Water deficit affects grain yield through its impact on reproductive organs and increasing the hollowness and the number of grains per head (KHOMARI et al., 2008) . In optimum irrigation the highest and lowest values of hollowness percentage were achieved for genotypes Alibaghlou 1 (24.51 %) and Salmas-Garaghashlagh-Ghalami (1.77%), respectively ( Table 5 ). The comparison of mean values showed that increasing stress intensity from optimum irrigation to moderate and severe stress, increases the hollowness percentage by 40% and 67%, respectively (Table 5 , 6 and 7). In moderate stress, these values were obtained from genotypes: Alibaghlou 1 (35.83%) and Mashhad (1.41%), respectively (Table 6 ). In severe stress, genotypes: Salmas-Garaghashlagh-Ghalami (52.67%) and Mazandaran-Tirtash (6.58%) produced the highest and lowest level of hollowness, respectively (Table 7) . AFKARI BAJEBAJ et al. (2009) reported that drought stress or water deficit causes the hollowness percentage to increase. In addition, VALADABADI et al. (2008) demonstrated that by imposing water deficit condition, percentage of hollowness of grains in sunflower decreases significantly.
Number of seeds per head
The results of combined analysis of variance showed that the effect of irrigation on number of seeds per head is significant at probability level of 1% (Table 4) . In optimum irrigation, the highest and lowest values measured for the number of seeds per head were related to genotypes: Angane 4 (1466.92) and Shabestar-Kouzeh-Kanan 3 (563.40), respectively ( Table 5 ). The comparison of mean values showed that with increasing stress intensity from optimum irrigation to moderate to severe stress, the number of seeds per head decreases by 19% and 35%, respectively (Table 5 , 6 and 7). In moderate stress, the maximum and minimum numbers of seeds per head were obtained from genotypes: Sanandaj (1198.81) and Vaghaslou-Olya 1 (383.24), respectively (Table 6 ). Whereas in severe stress, genotypes: Chongharalou-Yekan 4 (807.07) and Saghez 4 (389.72) produced the highest and lowest values, respectively (Table 7) . SOLEIMANZADEH et al. (2010) also reported that drought stress decreases the number of seeds per head, biological yield, grain yield, head diameter and 1000-grain weight significantly. Our results are also in agreement with those obtained by KASSAB et al. (2012) and ALAHDADI et al. (2011) .
Head diameter
The results of combined analysis of variance showed that the effects of irrigation and genotype on head diameter are significant at probability level of 1% (Table 4) . The highest and lowest head diameters were observed under no-stress and severe drought stress conditions, respectively. In optimum irrigation, the highest and lowest measured values were related to genotypes: Angane 4 (28.34 cm) and Miyaneh-Basin (15.89 cm), respectively ( Table 5 ). The comparison of mean values showed that with increasing stress intensity from optimum irrigation to moderate and severe stress, head diameter decreases by 10% and 25%, respectively (Table 5, 6 and 7). In moderate stress, the maximum and minimum head diameters were obtained from genotypes: Maranghalou 6 (27.91 cm) and Piranshahr Andizeh (11.77 cm), respectively (Table 6 ). In severe stress, these values were obtained from genotypes: Maranghalou 6 (26.11 cm) and Saghez 4 (9.91 cm), respectively ( Table 7) . The decrease in head diameter is caused by the reduction in stem diameter. The reducing effect of drought stress on head diameter has also been reported in other studies (FARAHVASH et al., 2011) . Head diameter is one of the essential traits of sunflower landraces which is decreased under moisture stress and adversely affects yield components like number of seeds per head. GHOLINEZHAD et al. (2009) found that drought stress always has negative effect on the head diameter. Selection of genotypes with larger head diameter is one of the objectives in sunflower breeding programs. KASSAB et al. (2012) reported that imposing drought stress decreases head diameter and grain yield. These findings are in agreement with our results.
1000-seed weight
Results of combined analysis of variance (ANOVA) showed that drought stress causes significant decrease in 1000-grain weight so that the maximum and minimum 1000-grain weight were obtained in optimum irrigation and severe drought stress, respectively (Table 5 , 6 and 7). The results also confirmed that the effects of irrigation and irrigation-genotype were significant at probability level of 5% while the effect of genotype on 1000-grain weight was considerable at probability level of 1% (Table 4) . In optimum irrigation, the highest and lowest values of 1000-grain weight were related to genotypes: Baneh 1 (195.62 gram) and Shabestar-Kouzeh-Kanan 3 (43.90 gram), respectively ( Table 5 ). The comparison of mean values showed that with increasing stress intensity from optimum irrigation to moderate and severe stress, the 1000-grain weight decreases by 5% and 17%, respectively (Table 5, 6 and 7). In moderate stress, the maximum and minimum values for 1000-grain weight were calculated from genotypes: Gharagoz 1 (201.72 gram) and Shahroud 1 (68.20 gram), respectively (Table 6 ). In severe stress, however, these were obtained from genotypes: Maranghalou 6 (213.08 gram) and Saghez 4 (66.06 gram), respectively (Table 7) . AFKARI BAJEBAJ (2010) reported that the 1000-grain weight of 'Airfloure' is significantly lower than that of the other sunflower cultivars. According to DANESHIAN et al. (2005) 1000-grain weight decreases due to drought stress. Furthermore, NAZARLI et al. (2010) showed that with increasing drought stress 1000-grainweight decreases considerably. Our finding agrees well with these results.
Biological yield
The results of combined analysis of variance showed that the effect of irrigation, genotype and irrigation-genotype on biological yield is significant at probability level of 1% (Table 4) . In optimum irrigation, the highest and lowest values of biological yield were related to genotypes: Angane 4 (24787 kg ha -1 ) and Mashhad (3874 kg ha -1 ), respectively (Table 5 ). The comparison of mean values showed that with increasing stress intensity form optimum irrigation to moderate and severe stress, biological yield decreases by 20% and 40%, respectively (Table 5, 6 and 7). In moderate stress, the maximum and minimum biological yields were obtained from genotypes: Karimabad (23090.46 kg ha -1 ) and Mashhad (3433.45 kg ha -1 ), respectively (Table 6 ). In severe stress, genotypes: Maranghalou 6 (18842.41 kg ha-1) and Mashhad (3169.45 kg ha -1 ) produced the maximum and minimum biological yields, respectively (Table 7) . AFKARI BAJEBAJ (2010) found that with increasing drought stress the number of grains per plant and the biological yield decreases. In their research severe water stress (210 mm evaporation) reduced the grain yield by 43.71% and "Armawirski" was a superior cultivar under all irrigation treatments. Low water availability causes the plant growth inhibitors such as abscisic acid (ABA) to increase and the growth regulator hormones to decrease. Reduction of plant regulator hormones is one of the most crucial factors in plant growth suppression (KALAMIAN et al., 2006) . NAZARIYAN et al. (2009) reported that drought stress has a severe effect on biological yield decreasing its quantity. Similar deductions can be made from our results.
Harvest Index
Harvest index is one of important physiological parameters that indicate the percentage of photosynthetic material transferring from organs to seeds. It implies the relative distribution of photosynthetic products between economic sinks and other existing sinks in the plant. The results of combined analysis of variance showed that the effects of irrigation and genotype on harvest index are significant at probability level of 1% (Table 4) . In optimum irrigation, the highest and lowest harvest indices were related to genotypes: Angane 4 (25.46%) and Shabestar-KouzehKanan 2 (11.70%), respectively ( Table 5 ). The comparison of mean values showed that with increasing stress intensity from optimum irrigation to moderate and severe stress, harvest index decreases by 9% and 18%, respectively (Table 5 , 6 and 7). In moderate stress, the maximum and minimum harvest indices were obtained from genotypes: Mashhad (21.88 %.) and PiransharSarvkani (11.31%), respectively (Table 6 ). In severe stress, genotypes: Saghez 3 (25.81%) and Piranshar-Andizeh (8.08%) yielded the highest and lowest harvest index, respectively (Table 7) . There is a negative and meaningful correlation between harvest index and biological yield (Table 8, 9 and 10). Furthermore, harvest index and grain yield exhibit a positive and meaningful correlation (Table 9) . GHOLINEZHAD et al. (2009 and and DARVISHZADEH et al. (2014) stated that drought stress is one of the limiting factors of plant growth and development that not only reduces production of biological yield but also causes a disorder to the partitioning of carbohydrates to grains thus reducing the harvest index. AFKARI BAJEBAJ (2010) showed that the water deficit stress decreases harvest index significantly. MIRSHEKARI et al. (2012) also reported that drought stress causes a decrease in the harvest index through reducing the grain yield. These findings are confirmed by the results of this work. Harvest Index 0.49** -0.11ns -0.21ns 0.01ns -0.12ns 0.11ns -0.11ns 1 ** , * and Ns significant at the 1%, 5% probability levels and non significant respectively.
